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0 Arylene sulfide polymers. 

0 Arylene sulfide polymers having a high extrusion rate, e.g. at least about 100g/10 min. are prepared by a 
process comprising: a) dehydrating an aqueous admixture of a suitable sulfur source and a cyclic organic amide; 
b) admixing a dihalo-substituted aromatic compound with the dehydrated mixture to form a polymerization 
<N mixture wherein the molar ratio of sulfur source to the cyclic organic amide is about 0.39:1 to about 0.6:1, c) 
^subjecting the polymerization mixture to reaction conditions sufficient to produce the arylene sulfide polymer; 
^and d) recovering the arylene sulfide polymer. 
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ARYLENE SULFIDE POLYMERS 



Field of the Invention 

This invention relates to processes for the production of polymers from aromatic compounds. In one 
aspect, this invention relates to processes for the production of arylene sulfide polymers. In another aspect, 
this invention relates to processes for the production of poly(phenylene sulfide) having a high extrusion rate. 



Background of the Invention 

A basic process for the production of arylene sulfide polymers from polyhalo-substituted aromatic 
compounds by reaction with an alkali metal sulfide in a polar organic solvent is disclosed in U, S. Patent 
3,354,129. This patent also discloses that the molecular weight of the arylene sulfide polymers can be 
reduced by the use of monohalo-substituted aromatic compounds as chain terminating agents or by the use 
of an excess of one of the reactants in the polymerization reaction mixture such as p-dichlorobenzene. 
While such methods do provide means of reducing the molecular weight of arylene sulfide polymers 
produced according to the teachings of U. S. Patent 3.354,129, other methods of obtaining reduced 
molecular weight arylene sulfide polymers are desired which do not suffer from the disadvantages of the 
Increased cost of added reactant materials or the need for recovering and recycling excess reactant 
materials to the polymerization zone. 

Arylene sulfide polymers can be characterized at least in part in terms of a melt flow rate. It is generally 
considered that a melt flow rate is inversely related to molecular weight for polymeric materials in general 
and for arylene sulfide polymers in particular. Extrusion rate, which is more specifically defined hereinafter, 
is a specific type of melt flow rate which is particularly useful for characterizing arylene sulfide polymers in 
the lower molecular weight range. Arylene sulfide polymers having a relatively high extrusion rate are 
desirable for a variety of applications especially in the field of encapsulation of electronic components. For 
example. U. S. Patents 4,337,182 and 4,482,665 provide exemplary disclosures of compositions comprising 
arylene sulfide polymers which are employed in the encapsulation of electronic components. 

It is therefore an object of this invention to provide a method for producing polyfarylene sulfide) having 
a high extrusion rate in a readily controllable manner. It is another object of this invention to provide a 
method for producing poly(arylene sulfide) having a high extrusion rate by adjustment of a reactant 
concentration in the polymerization reaction mixture. It is another object of this invention to provide a 
method for producing poiy(arylene sulfide) having an extrusion rate of at least about 100 grams/10 minutes. 



Brief Statement of the Invention 

According to this invention, a process for preparing arylene sulfide polymers having an extrusion rate of 
at least about 100 grams/10 minutes is provided wherein the molar ratio of sulfur source to cyclic organic 
amide in the polymerization reaction mixture is within the range of about 0.39:1 to about 0.6:1. 



Detailed Description 

It has been discovered that a process for preparing arylene sulfide polymers having an extrusion rate of 
at least about 100 grams/10 minutes can be provided by employing the steps of: a) dehydrating an aqueous 
admixture comprising at least one sulfur source and at least one cyclic organic amide to form a dehydrated 
admixture; b) admixing at least one dihalo-substituted aromatic compound with the dehydrated admixture 
from step' a) to produce a polymerization mixture wherein the molar ratio of sulfur source to said cyclic 
organic amide is about 0.39:1 to about 0.6:1; and c) subjecting said polymerization mixture to polymeriza- 
tion conditions effective to produce products comprising said arylene sulfide polymer. Thus a simple means 
of obtaining high extrusion rate arylene sulfide polymers is provided which does not suffer the disadvan- 
tages of requiring added chain termination agents or recovery and recycle of excess reactant. The arylene 
sulfide polymers having a high extrusion rate made accoroding to this invention are readily recoverable and 
well suited for use in applications where such high extrusion rate arylene sulfide polymers are desired, e.g. 
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encapsulation of electronic components. 

As used throughout the specification and claims, the term extrusion rate refers to a flow rate 
measurement on molten polymer based on ASTM D1238, Procedure B - Automatically Timed Row Rate 
Measurement, made at 600 °F. using a total driving mass of 345 grams and an orifice having the 

5 dimensions of 0.0825 t 0.0002 inch diameter and 1.250 t 0.002 inch length. As previously discussed, 
extrusion rate is a specific type of melt flow measurement which is particularly useful in characterizing 
arylene sulfide polymers in the lower molecular weight range. 

The dihalo-substituted aromatic compounds which are employed according to this invention are 
compounds having 6 to about 22 carbon atoms per molecule. The halogen substituent on the dihalo- 

io substituted aromatic compound can be selected from the group consisting of chlorine, bromine, and iodine. 
Preferably, the dihalo-subsituted aromatic compounds will be dihalo-substituted benzenes and more 
preferably dichloro-substituted benzenes. Particularly good results are expected when the dihalo-substituted 
aromatic compound is selected from the group consisting of p-dichlorobenzene and mixtures of p- 
dichloroben2ene with a total of about 0 to about 10 mole percent of at least one of m-dichlorobsnzene, o- 

15 dichlorobenzene, and alkyl-substituted p-dichlorobenzenes having the formula 
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where R is H or an alkyl group having 1 to 4 carbon atoms and at least one R is not H. 

Examples of some suitable dihalo-substituted aromatic compounds include p-dichlorobenzene. p- 
dibromobenzene. p-diiodobenzene, 1-chloro-4-bromobenzene, 1-chloro-4-iodobenzene. 1-bromo-4-iodoben- 
zene, 2,5-dichlorotoluene, 2,5-dichloro-p-xylene. 1 -ethyl-4-iospropyl-2.5-dibromobenzene, 1 ,2,4,5- 
tetramethyl-3.6-dich!orobenzene. 1 ,2.4.5-tetrabutyl-3.6-dichiorobenzene 1 -ethyl-3-butyl-2,5-dichlorobenzene, 
1 -ethy l-2.5-diiodobenzene. 1 -butyl-2,5-dichlorobenzene. 1 -butyl-4-ethyl-2,5-dibromobenzene. o-dichloroben- 
zene. m-dichlorobenzene and the like. 

The cyclic organic amides used in the process of this invention should be substantially liquid at the 
reaction temperatures and pressures employed. The cyclic organic amides can have 5 to about 12 carbon 
atoms per molecule. Examples of some suitable cyclic amides include N, N'-ethylene dipyrrolidone, N- 
methyl-2-pyrrolidone, pyrrolidone, caprolactam, N-ethyl caprolactam. N-methyl caprolactam and mixtures 
thereof. N-methyl-2-pyrrolidone is a preferred cyclic amide. 

In accordance with this invention, suitable sulfur sources which can be employed in the production of 
the high extrusion rate arylene sulfide polymers include alkali metal sulfides, alkali metal bisulfides and 
hydrogen sulfide. Further according to the instant invention the alkali metal sulfides can be employed with 
good results in the absence of any added alkali metal hydroxide whereas the other suitable sulfur sources 
are preferably employed in the process of this invention in the presence of an added alkali metal hydroxide. 
For the alkali metal bisulfides the amount of added alkali metal hydroxide will generally be in the range of 
from about 0.3:1 to about 4:1 preferably about 0.4:1 to about 2:1 gram moles per gram mole of alkali metal 
bisulfide. When hydrogen sulfide is employed as the sulfur source the amount of added alkali metal 
hydroxide is generally within the range of about 1.3:1 to about 5:1 preferably about 1.4:1 to about 3:1 gram 
moles per gram mole of hydrogen sulfide employed. 

Alkali metal hydroxides which can be employed include lithium hydroxide, sodium hydroxide, potassium 
hydroxide, rubidium hydroxide, and cesium hydroxide. The preferred alkali metal hydroxide is sodium 
hydroxide. 

Suitable alkali metal bisulfides include the bisulfides of lithium, sodium, potassium, rubidium, cesium 
and mixtures thereof, in anhydrous form or as hydrates. The preferred alkali metal bisulfide is sodium 
bisulfide. 

Also included in the group of suitable sulfur sources are the alkali metal sulfides such as sodium 
sulfide, potassium sulfide, lithium sulfide, rubidium sulfide, and cesium sulfide. The suitable alkali metal 
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sulfides include the monosulfides in anhydrous and hydrated forms. The preferred alkali metal sulfide is 
sodium sulfide. 

While the ratio of reactants for the preparation of arylene sulfide polymers according to this invention 
can vary considerably, the ratio of gram-moles of dihalo-substituted aromatic compounds to gram-atoms of 

5 divalent sulfur in the sulfur source should be within the range of from about 0.8:1 to about 2:1. and 
preferably from about 0.95:1 to about 1.3:1. 

According to this invention, arylene sulfide polymers having the desired high extrusion rate of at least 
about 100 grams/10 minutes preferably about 100 to about 1000 grams/10 minutes, are produced by 
providing an aqueous admixture comprising at least one suitable sulfur source and at least one cyclic 

io organic amide. The aqueous admixture is then subjected to a dehydration step such as by distillation to 
remove essentially all of the free or uncomplexed water from said admixture. The dehydrated admixture is 
then admixed with at least one dihalo-substituted aromatic compound to produce a polymerization mixture 
wherein the molar ratio of sulfur in said sulfur source to said cyclic organic amide is about 0.39:1 to about 
0.6:1. preferably about 0.42:1 to about 0.5:1. The polymerization mixture is subjected to polymerization 

rs conditions effective to produce the arylene sulfide polymer. 

For the purposes of determining the molar ratio of sulfur source to cyclic organic amide in the 
polymerization mixture for this invention allowance can be made for any losses of these compounds from 
the initial charge during the dehydration step if desired. Furthermore, any cyclic organic amide added after 
the dehydration step is taken into account in determining said molar ratio. Finally, all of the cyclic organic 

20 amide present, whether added initially or after the dehydration step, and all of the sulfur source present is 
assumed to be in an uncomplexed or unreacted state when determining said molar ratio in the polymeriza- 
tion mixture. 

Suitable polymerization conditions include a reaction temperature which can vary over a wide range but 
will generally be within the range of from about 235°C to about 450°C preferably from about 240°C to 
about 350°C. The reaction time will be within the range of from about 10 minutes to about 72 hours and 
preferably about in 1 hour to about 8 hours. The pressure need be only sufficient to maintain the dihalo- 
substituted aromatic compound and the cyclic organic amide substantially in the liquid phase, and to 
substantially retain the suffur source therein. 

Although various known methods can be employed for the recovery of the high extrusion rate arylene 
sulfide polymer made according to the process of this invention, it is preferred to employ a method wherein 
the heated reaction mixture is subjected to a pressure reduction to atmospheric pressure which will cause a 
substantially complete flashing of the cyclic organic amide from the reaction mixture. The flashed reaction 
mixture residue can be slurried with a liquid diluent such as water in which the alkali metal haiides and 
other impurities are soluble. The liquid diluent is removed with dissolved impurities such as by filtration 
leaving a particulate arylene sulfide polymer. This washing process can be repeated until the desired level 
of arylene sulfide polymer purity is attained. Another known method that can be employed is the "water 
quench" process wherein the polymerization reaction mixture is contacted at a temperature above that at 
which the arylene sulfide polymer is in a molten state with a sufficient amount of a separation agent that is 
soluble in the cyclic organic amide and is a non solvent for the arylene sulfide polymer, e.g. water, to cause 
40 a phase separation of the molten arylene sulfide polymer fromthe cyclic organic amide. Subsequent cooling 
of the quenched, phase-separated mixture produces a slurry of particulate arylene sulfide polymer in the 
cyclic organic amide which can be filtered to recover the particulate arylene sulfide polymer. The separate 
polymer can be washed as described above. 
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Examples are provided in an effort to assist one skilled in the art to a further understanding of the 
invention, and yet not be unduly limitative of the reasonable scope of the invention. The particular reactants, 
conditions, ratios, and the like, are all intended to be illustrative of our invention, and not limitative of the 
reasonable and suitable scope thereof. 
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Example I 

A series of polymerization runs were performed in a two gallon, fast stirring reactor for the preparation 
of poly(p-phenylene sulfide) (PPS). The polymerization recipe for these runs is presented below. 

Compound, g-mole 
N-methyl-2-pyrrolidone (NMP) 14.29 - 19.92 

Sodium hydroxide (NaOH) 6.05 
Sodium bisulfide (NaSH) 6.0 
p-Dichlorobenzene (p-DCB) 6.15 
(a) Charged as a solid NaSH-HJ) solution containing 58.418 wt.% NaSH. 



In each run the reactor was charged with NaOH, NaSH and 10.93-16.56 g-moles NMP. The reactor was 

sealed, agitation started -and degassing accomplished by three pressurize-release cycles using nitrogen. 

The temperature of the reaction mixture was raised rapidly to 150°C and the valve to the distillation 

condenser was opened. Approximately 375 mL of overhead was collected as the reaction mixture was 
20 heated from 160°C to 200°C during a total dehydration time of approximately 30 minutes. The reactor was 

sealed and a previously degassed solution of p-DCB in 3.36 g-moles NMP was pressured intothe reactor 

using nitrogen. The valve between the charging vessei and the reactor was then closed. 

The reaction mixture was heated to 235°C and held there such that the ramp time and hold time totaled 

30 minutes. The reaction mixture was then heated to 265°C such that the total ramp time plus hold time 
25 was 45 minutes. The reaction was then heated to 274°C such that the total ramp time plus hold time was 

60 minutes. Finally, to simulate a portion of the flash recovery process, the reaction mixture was heated to 

282°C and held for 45 minutes. The reaction mixture was then cooled. 

The reaction mixture comprising PPS was washed with four hot water (approx. 90 °C) washes and 

rinsed with deionized water, and finally with acetone. The washed PPS was dried and samples tested for 
30 extrusion rate according to the method described above. The results obtained are presented in TABLE I 

below. 

TABLE I 

35 Run NMP Molar Ratio Extrusion Rate 

No. (g-moles) NaSH/NMP (a) g/10 min 



40 



45 



50 



19.92 0.324 38.2 

2 (b) 18.37 0.354 59.7 

3^ b) 16.66 0.393 48.2 

4 (c) 15.38 0.429 244 

14.29 0.465 879 
^ Corrected for amount of NMP removed during the dehydration step. 
Control run. 
Invention run. 



(b) 
(c) 



The results in TABLE I indicate that increasing the NaSH/NMP mole ratio to between 0.393 and 0.429 
results in PPS having a dramatically increased extrusion rate. 
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EXAMPLE 11 

A series of polymerization runs were performed in a 90 gallon stirred (400 rpm) reactor for the 
. preparation of PPS. The polymerization recipe for these runs is presented below . ■ 

5 

Compound, lb-mole 

N-methyl-2-pyrrolidone (MP) 2 - 41 " 2 - 80 

Sodium hydroxide (NaOE) (a) «-™° ' lM3 

Sodium bisulfide (NaSH) (b) 0.9371-1-089 
p-Dichlorobenzene (p-DCB) °- 9531 " 1 ' 107 

(a) Charged as an aqueous solution of 50.193 wt.% of NaOH. 

(b) Charged as an aqueous solution of 60.059 wt.% NaSH and 0.457 wt.% 

In each run the aqueous NaOH and aqueous NaSH were premixed in a separate vessel men the 
warmed (approx 115-C) liquid mixture charged with a following NMP flush to the reactor contam.ng the 
ZSng E This mixture was then subjected to .a dehydration step wherein water plus a small amount 
ofTwP was removed from the reactor by distortion at a reflux ratio of 1:1. Withdrawal^ overijead tfarted 
at a reactor temperature of 167-171'C and ended at 231-239°C over a penod of 79-91 m.nutes. The 
amount distilled overhead was 66.3-80.4 lbs. a t 
Molten p-DCB was then charged to the reactor at 221-219'C and the reactor temperature increased a 
0.56-0.78'C minute to 271-274'C in approximately 100 minutes. The reactor. m,xture was ; *en held at 
274-C for 25 minutes. The reactor was vented for recovery of volatiles for 55-67 m.nutes to 70 ps,g. heated 
to 2K-C «ien the reactor contents transferred to another vesse. wherein reduced pressure condrtcns 
caused the remaining NMP and other volatiles to be flashed overhead for recovery. 

^recovered reaction mixture comprising PPS was washed once with amb.ent tap water nnsed h£ 
hot (82'C) water, washed once with deaerated water at 178'C with a hot water rmse and given a final wash 
S, deaearated water at 178-C with a hot deionized or tap water rinse. The wash.ng ste p. , ubtad. PPS 
lay mixing tank and a nylon fabric filter cloth on a moving horizontal belt filter system to 
PPS from the wash/rinse liquid. The washed PPS obtained from each run was dned and a sample tested for 
extrusion rate according to the method described above. The results obtained are presented m TABLE II 
below. 
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The results in TABLE II indicate that increasing the NaSH/NMP mole ratio to between about 0.42 and 
about 0.45 results in PPS having a dramatically increased extrusion rate. The results also indicate that the 
polymerization is essentiaJly complete, as evidenced by the conversion of p-DCB, and that the increased 
extrusion rates are not the result of incomplete polymerizations. 



EXMAPLE III 

10 A series of polymerization runs were performed in a 2000 gaJlon stirred reactor for the preparation of 
PPS. The polymerization recipe for these runs is presented below 

Compound, lb-mole 
is N-methyl-2-pyrrolidone (NMP) 65.07-78.14 

Sodium hydroxide (NaOH) (a) 27.59-27.63 
Sodium bisulfide (NaSH) (b) 27.31-27.36 
p-Dichlorobenzene (p-DCB) 28.16-28.19 
^ Charged as an aqueous solution of 50.631 wt.% NaOH. 
^ Charged as an aqueous solution of 59.267 wt.% NaSH and 0.187 wt.% 
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In each run the aqueous NaOH and aqueous NaSH were premixed in a separate vessel then the 
warmed liquid mixture charged with a following NMP flush to a dehydration vessel containing enough NMP 
so that the mole ratio of NaSH/NMP was 0.65. This mixture was subjected to a dehydration step wherein 

30 water plus a small amount of NMP was removed from the dehydration vessel by distillation. Withdrawal of 
overheand was made for a period of 50-58 minutes with the final temperature being 219-223°C. The 
dehydrated mixture was then transferred to the polymerization reactor followed by an NMP flush. 

Molten p-DCB was then charged to the reactor and the reactor temperature increased from 210°C to 
232°C at 1.1°C/minute. The temperature of the reaction mixture was then increased to 254°C at 

35 0.56 8 Gminute and subsequently increased to 274°C at 0.72°C/minute. The reaction mixture was then held 
at 274°C about 25 minutes. The reactor was vented for recovery of volatiles. heated to 282°C then the 
reactor contents transferred to another vessel wherein conditions caused the remaining NMP and other 
volatiles to be flashed overhead for recovery. 

The recovered reaction mixture was washed and filtered. The washed PPS obtained from each run was 

40 dried and a sample tested for extrusion rate according to the method described above. The results obtained 
are presented in TABLE III below. 
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The results in TABLE 111 indicate that increasing the NaSH/NMP ratio to between 0.40 and 0.42 results 
in PPS having a dramatically increased extrusion rate. 



Claims 

1. A process for preparing arylene sulfide polymers having an extrusion rate of at least about 100 g/10 
min. characterized by the steps of. 

a) dehydrating an aqueous admixture comprising at least one sulfur source and at least one cyclic 
orqanic amide thereby forming a dehydrated admixture; m 

b) admixing at least one dihalo-substituted aromatic compound with said dehydrated admixture to 
produce a polymerization mixture wherein the molar ratio of sulfur source to said cyclic organic amide is 

from 0.42:1 to 0.5:1; . _ . 

c) subjecting said polymerization mixture to polymerization to obtain arylene sulfide polymer, and 

d) recovering said arylene sulfide polymer. 

2. The process of claim 1 characterized in that said sulfur source comprises an alkali metal sulfide. 
3 The process of claim 2 characterized in that said alkali metal sulfide is sodium sulfide. 

4. The process of claim 1 characterized in that said aqueous admixture in said step (a) further 
20 comprises an alkali metal hydroxide. 

5 The process of claim 4 characterized in that said alkali metal hydroxide is sodium hydroxide. 
6. The process of claim 4 or 5 characterized in that said sulfur source is selected from alkali metal 
bisulfides and hydrogen sulfide. t 

7 The process of claim 6 characterized in that said alkali metal bisulfide is sodium bisulfide. 

8 The process of any of the preceding claims characterized in that said cyclic organic amide is 
selected from N.N'-ethylenedipyrrolidone, N-methyl-2-pyrrolidone, pyrrolidone. caprolactam, N-ethyl- 
caprolactam. N-methylcaprolactam. and mixtures thereof. 

9. The process of claim 8 characterized in that said cyclic organic amide comprises N-metnyl-2- 

pyrrohdOTe^ ^ ^ ^ ^ preceding claims characterized in that said dihalo-substituted aromatic 

compound is selected from p-dichlorobenzene and mixtures of p-dichlorobenzene with a total of up to 10 
mole precent of at least one of m-dichlorobenzene, o-dichlorobenzene, and alkyl-substituted p-dichloroben- 
zene having the formula 
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wherein R is H or an alkyl group having 1-4 carbon atoms and at least one R is not H. 

11. The process of any of the preceding claims characterized in that said arylene sulfide polymer has 
an extrusion rate of from 100 to 1000 g/10 min. 
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